Dental caries in enamel is unique amongst diseases as enamel is both acellular and avascular. Thus, in contrast to other tissues, enamel cannot heal itself by a cellular repair mechanism. Nonetheless, it is now well established that the formation of incipient enamel caries is a reversible process where periods of progression alternates with periods of remineralization. OBJECTIVES: The purpose of this study was to compare the effect of Nano-hydroxyapatite paste and casein phosphopeptide-amorphous calcium phosphate fluoride paste remineralizing capacity on initial enamel carious lesions of young permanent teeth. MATERIALS AND METHODS: Sixty extracted young permanent teeth with a standardized window on enamel were immersed in a demineralizing solution for 48 hours to produce subsurface enamel lesions. They were divided into three groups according to remineralizing agents (N=20): group I: Nano-hydroxyapatite paste; group II: casein phosphopeptide-amorphous calcium phosphate fluoride paste; and group III: control (untreated). The enamel surface microhardness (SMH) was measured at baseline, after incipient enamel lesion formation and after treatment.
INTRODUCTION
Dental caries in enamel is unique amongst diseases as enamel is both a cellular and a vascular. Thus, it cannot heal itself by a cellular repair mechanism in contrast to other tissues. Nonetheless, it is now well known that the formation of incipient enamel lesion is a reversible process where there is alternation between periods of progression and periods of remineralization leading to repair of the lesion (1) .
It is known that the use of fluoride is considered an effective method for controlling and reducing enamel demineralization in both the primary and permanent dentitions by formation of a calcium fluoride (CaF2)-like layer on the demineralized surface (2, 3) . Topical fluoride has been extensively used to treat and prevent incipient enamel caries lesions due to their high fluoride concentration and adhesion capacity to tooth enamel (4) (5) (6) (7) (8) .
On the other hand, the dental fluorosis resulting from excessive ingestion of fluoride has caused a shift toward new tooth re-mineralization technologies, including compounds with the additional or synergistic effects of fluoride to enhance the remineralization process and improve the mechanical properties of the demineralized surface, such as casein phosphopeptide amorphous calcium phosphate (CPP-ACP) (9) and nanohydroxyapatite (Nano-HAP) (10, 11) .
Casein phosphopeptides have the ability to stabilize calcium and phosphate ions in the form of amorphous calcium phosphate in a metastable solution. CPP-ACP complex incorporates into dental plaque, where it acts as a reservoir of calcium and phosphate ions and maintains a supersaturation state in plaque fluid, thus facilitating remineralization (12) .
There are two types of phosphopeptide-based dental products: CPP-ACP in paste or mousse form and casein phosphopeptide amorphous calcium phosphate fluoride (CPP-ACPF) product (13) . A number of reports have proved the efficacy of the CPP-ACP technology in inhibiting demineralization and enhancing remineralization of enamel and dentin in vivo and in vitro (14) (15) (16) (17) (18) (19) (20) .
However, De Carvalho et al (21) stated that CPP-ACP paste with fluoride did not show any additional protection on artificial early enamel caries development on permanent teeth.
With the development of nanotechnology, a major impact on materials science has been noted. In this century, the production of materials with nanostructures has gained great attention for adsorption, catalytic, biomaterials and optical applications (22) .
Nano-HAP is one of the most biocompatible and bioactive agents. The nano crystals of phosphate are smaller than 100 nm, improving the bioactivity of the agent due to the increase in superficial area of hydroxyapatite nano particles. Thus the innovation of incorporating the calcium and phosphate ions, as nanohydroxyapatite crystals, with 9,000 ppm of fluoride may improve the surface hardness of the demineralized enamel and promoting remineralization (21) .
De Carvalho et al (21) evaluated the remineralization effects of Nano-hydroxyapatite paste on artificial early enamel lesions of permanent teeth. They concluded that Nano-hydroxyapatite paste was effective in remineralizing the initial enamel caries lesions. Moreover, several studies have shown that nano-hydroxyapatite had the potential to remineralize artificial carious lesions following addition to toothpastes and mouthwashes (23) (24) (25) .
Limited researches investigated the effect of Nano-HAP paste on initial enamel carious lesions. That is why this study was designated to compare the remineralizing effect of Nano-HAP paste and CPP-ACPF on initial enamel carious lesions in young permanent teeth using microhardness test. The null hypothesis tested was that there was no difference among the effects of the two remineralizing agents on enamel microhardness.
MATERIALS AND METHODS
The Scientific Research Ethical Committee, Faculty of Dentistry, Alexandria University, Alexandria, Egypt, approved this study. Calculation of sample size was done using SPSS software, version 21.0. Armonk, NY: IBM Corp (26) . Significance level was set to 0.05, and maximum β accepted was up to 20 percent, with a minimum power of 80 percent.
The sample consisted of 60 freshly extracted young permanent teeth extracted for orthodontic purposes for microhardness evaluation. Teeth were collected from the outpatient clinic of the Faculty of Dentistry, Alexandria University and private dental Orthodontic clinics in Alexandria Governorate. Teeth free of caries, cracks, and developmental defects were included in the study. Materials: 1-Calcium nanophosphate paste (Desensibilize Nano P, FGM Produtos Odontol َ◌gicos, Joinville, Brazil) which is Calcium nanophosphate organized in crystalline form of hydroxyapatite, potassium nitrate, water, surfactant, tensoactive, flavor, 9000 ppm sodium fluoride (21). 2-CPP-ACPF (GC MI Paste Plus, GC America Inc., Alsip, Ill., USA), which is a water-based, sugar-free cream containing Recaldent (milk derived with lactose content less than 0.01 percent) with fluoride, were used in this study (27) .
3-The demineralizing solution (artificial caries solution)
consisted of 2.2 mM calcium chloride, 2.2 mM potassium dihydrogen phosphate, 0.05 M acetic acid, and 1 M potassium hydroxide (KOH) to maintain a pH of 4.4 (28). 4-The artificial saliva was prepared by mixing 500 ml distilled water, 20 g potassium chloride, 0.843 g sodium chloride, 0.051 g magnesium chloride, carboxymethyl cellulos e, 20 ml tricalcium phosphate, and 0.05 M sodium hydroxide to maintain a pH of 6.8 (29) . The artificial saliva was renewed daily through the whole study period. 5-Distilled water.
Method: All teeth were thoroughly cleaned using fluoride free pumice and were stored in saline solution until required for use. Roots were removed at the cement-enamel junction with a water-cooled diamond saw of a precision sectioning machine. Specimens were embedded in acrylic resin with their buccal surface facing upwards. Every tooth specimen was coated with acid-proof nail varnish, exposing only a small window in cervical third of buccal surface of enamel (4 ×4 mm) which were exposed to the demineralizing solution to produce caries-like lesion. The exposed window was standardized in all the specimens. Before any cariogenic challenge, all specimens were assessed for enamel surface microhardness (SMH) using Digital Display Vickers Micro hardness Tester (initial base line assessment). This baseline evaluation was done, so that the effect of Nano-HAP paste and the CPP-ACPF paste, on the enamel specimens, could be verified. (21) Demineralization phase (30) All teeth included in the study were immersed in a demineralizing solution (10ml) for each specimen for 48 hours to produce subsurface enamel lesions (white spot lesion without cavitation). Specimens were rinsed with distilled water and stored in artificial saliva. After initial caries formation, post lesion microhardness test was conducted with the same static load and time applied for obtaining the baseline measurements (second assessment).
Remineralization phase (21)
The 60 teeth were divided into three groups according to remineralizing agents (N=20): Group I: Nanohydroxyapatite paste. Specimens of this group were treated with Nano-HAP once daily for 5 minutes for 7 days. Nano-HAP paste was applied with a microbrush with friction for 10 seconds. After this, the paste was kept in contact with the enamel for five minutes and removed with distilled water then specimens were stored in artificial saliva. Group II: casein phosphopeptide-amorphous calcium phosphate fluoride paste. Specimens of this group were treated with CPP-ACPF once daily for 5 minutes for 7 days. CPP-ACPF paste was applied with cotton tip and maintained in contact with enamel for five minutes and removed with distilled water then specimens were stored in artificial saliva.
Group III: control (untreated), specimens of this group were stored in artificial saliva.
The post-treatment microhardness test was conducted with the same static load and time applied for baseline and post-lesion measurements (Final assessment).
All data were transferred to SPSS 21.0 software (IBM, Armonk, N.Y., USA), and analyses were performed (26) . The Kruskal-Wallis test was used for comparing two or more independent not-normally distributed samples of equal or different sample sizes (31) . The Friedman test was used for comparing two or more dependent not-normally distributed samples. Post-hoc Pair-wise comparison when Kruskal-Wallis test or Friedman test were significant was carried out using Mann-Whitney tests. A five percent level of significance was adopted (32) .
RESULTS
The result of present study showed that the SMH values of the sound enamel (baseline) were not significantly different among the experimental groups (P = 0.577) ( Table 1 ). After immersion in the demineralizing solution for 48 hours, The SMH had been reduced significantly in each group (post lesion) (P < 0.05). There was no statistically significant difference among the groups (P = 0.740) ( Table 2 ). Post treatment, there were significant differences among groups post treatment (P=0.02). By Pair-wise comparison using Mann-Whitney test there was no statistically significant difference in surface microhardness between Nano-HAP group and CPP-ACPF group (P = 0.261). The nano-HAP group showed the highest mean microhardness values (201.4±19.3), followed by CPP-ACPF group (195.6±19.6), and control group (181.4±26.6) ( Table 3) . Regarding each test group by using friedman test, Nano-HAP group, the values of post treatment phase were significantly higher than of post lesion phase (P=0.004).
Post treatment values were still significantly lower when compared with those of baseline phase (P=0.008; Figure  1 ). Moreover, the values of post treatment phase of CPP-ACPF were significantly higher than post lesion phase (P=0.005). The values were still significantly lower than those of baseline phase (P=0.005; Figure 2 ). 
DISCUSSION
Based on the results of the present study, the null hypothesis was not rejected. Both Nano-HAP and CPP-ACPF pastes can remineralize early enamel surface lesions.
The results showed that the demineralized enamel surfaces in all groups showed an overall significant decrease in microhardness, indicating loss of minerals, as all teeth in all groups were subjected to the same demineralizing solution, for the same period of time for standardization purpose.
After application of the remineralizing agents there was a statistical significant difference in enamel SMH in each group when compared with the data obtained after demineralization. Both test groups showed a significant increase in the microhardness, which indicate remineralization. The changes of microhardness in CPP-ACPF group were in agreement with the results of Srinivasan et al (33) and El-Zayate (34) who showed that both CPP-ACP and CPP-ACP with 900 ppm fluoride significantly remineralized softened enamel, with greater remineralization potential of CPP-ACPF than CPP-ACP.
Furthermore, Talaat et al (35) evaluated the effect of acid on enamel subsurface lesions that were previously treated with CPP-ACPF and found that CPP-ACPF was able to remineralize the enamel subsurface lesions, due to first demineralization, and to protect them against further acid attack.
Regarding Nano-HAP group, the changes in microhardness were supported by the work of Huang et al (36) and Haghgoo et al (37) who evaluated its effect for remineralization of incipient carious lesions and they found that Nano-HAP greatly enhanced remineralization and increased tooth microhardness.
Moreover, by comparing the two test groups post treatment, Nano-HAP group showed better mean microhardness value compared to CPP-ACPF group with statistical insignificant difference. This result was supported by the result of De carvalho et al (38) .
However, this insignificant result concerning the comparison between the two groups was inconsistent with another study conducted by De carvalho et al (21) . They stated that after the cariogenic challenge, the nano-HAP group showed significantly higher microhardness values while the CPP-ACPF group showed no increase in surface microhardness. This result could be due to the fact that De carvalho conducted their latter study on extracted third molars and used different study design. Additionally in the present study, the post treatment microhardness values of both test groups were similar to those of baseline values. Although, there was a statistical significant difference. This revealed that nano-HAP and CPP-ACPF pastes are used for prevention not for treatment.
It is important to clarify that Nano-HAP showed the largest increase in microhardness values. This may be due to the application method of this paste (10 sec. of friction) and the calcium nanophosphate crystals may have penetrated more deeply into the defects of the carious enamel, forming a "reservoir-like" deposit of calcium and phosphate ions. The reservoir-like deposit could make these ions available during a subsequent cariogenic challenge and help maintain a state of supersaturation with enamel minerals (11) . Furthermore, the fluoride concentration in the nano-HAP paste is 10 times higher (9000 ppm) than that of the CPP-ACP paste (900 ppm). This higher concentration may affect the remineralization process (33) .
CONCLUSION
Based on this study's results, the following conclusions can be made:
• Nano-hydroxyapatite paste and Casein phosphopeptide amorphous calcium phosphate fluoride paste were effective in rehardening the initial enamel caries lesions caused by demineralizing solution in young permanent teeth. • Nano-hydroxyapatite paste showed better mean microhardness values compared to Casein phosphopeptide amorphous calcium phosphate fluoride paste with statistical insignificant difference. • The two remineralizing agents can be used for prevention of early enamel carious lesion.
